METHODS
One hundred and fifty-five records were obtained from 48 cross bred male chicks e(White Leghorn x Rhode Island Red) at 1-day to 4-months of age. The number of birds used in each developing age after hatching is as follows: 18 at 1-to 7-days of age, 6 at 17-to 23-days of age, 6 at 31-to 34-days of age, 5 at 66-to 67-days of age, 14 at 3-months and 13 at 4-months of age. Three chicks were observed over a period of 1-day to 3-months of age.
The recording electrodes were made from insect pins coated with enamel except for ca. 0.5mm of the tips.
The electrodes were chronically implanted in the frontal bone, as shown in FIG. 1: the rostral electrode was located in the dorsal part of sagittal elevation (hyperstriatum accessorium), and the caudal ones in the caudo-dorsal part of the cerebral hemisphere. 27) For chicks at ages from 3 weeks to 4 months implantation of electrodes was made under deep Nembutal anesthesia (about 30 mg per kg body weight, intravenously), with the animal restrained in a stereotaxic instrument. When electrodes were implanted in 1-day-old to 2-week-old chicks, the head, trunk and limbs were held on a plastic plate without anesthesia.
The skull of 1-day to 1-week-old chicks was so thin that the tips of the electrodes penetrated the skull and were inserted 4 showed the EEG changes in 1-week-old and 1-month-old chicks by auditory stimuli during the sleep"b"stage characterized by low voltage fast waves. With a moderately weak sound of 200 to 500 cps, the low voltage fast waves were replaced by high-amplitude slow waves, though the bird was not awakened by the stimuli.
It was found that upon opening one eye the EEG of the contralateral hemisphere showed the arousal pattern, whereas the EEG of the ipsilateral hemisphere showed the sleeping pattern of slow waves (FIG. 5) . This phenomenon was observed in the chick from 1-day to 2-months of age. 6B) , they became motionless and assumed a sleeping state with closed eyes for a few minutes or more. This state may correspond to so-called " animal catalepsy ". The EEG during the cataleptic state showed high-amplitude slow waves similar to those seen during the sleep"a" stage (FIG. 6) . The younger the birds, they were more readily induced and remained for a longer time in the cataleptic state.
However, when the chick reached about 2 months of age and brought into the forced position they did not fall immediately into the cataleptic state. They showed a transient alert behavior followed by the long-lasting cataleptic state. During the alert state, the EEG showed the arousal pattern of very fast waves with a low amplitude of 501tV. Then, a burst of 6 to 12 cps waves with a high amplitude of 200/1V appeared transiently ; subsequently the birds exhibited a continuous train of slow waves of 6 to 12 cps intermingled with slower waves of 3 to 4 cps similar to sleep " a " pattern. are tentatively classified as follows: 1) negative or positive spike discharges, and a high voltage sporadic spike, 2) high-voltage rhythmic waves, 3) domic waves and 4) mixed types such as spike-and-dome.
In some cases, the discharge increased or decreased in frequency (FIG. 7B) . The seizure-like discharges were maintained for variable lengths of time, ranging from a little less than a minute to several minutes.
Seizure-like discharges were induced also by intraperitoneal injection of large doses of Nembutal (ca. 30 mg) in newly hatched chicks. In some cases the discharges were domic waves of 10 cps with a tendency for gradual domic waves (3 to 4 cps) with low-voltage, fast spikes. hemisphere. This phenomenon may partly reflect the anatomical finding that avian optic fibers undergo a complete decussation''").
DISCUSSION
In addition, spreading depression in chicken is limited mainly to the stimulated hemisphere").
Furthermore, the seizure-like discharges in the chicken occurred locally or within one hemisphere").
The evidence suggests that the two hemispheres are functionally independent from one another.
SHEFF and TUREEN") reported that auditory stimuli did not activate the EEG in 4-to 14-day-old chicks. We observed that the EEG arousal response to a pure tone stimulus existed in chicks in the early post-hatching stage.
This conflicting result may be due to differences in experimental conditions, i. e., SHEFF and TUREEN used restrained birds, while we used free behaving birds.
It is well known that when some animals are put in an abnormal position i. e. supine, they fall into an immobile state. Some investigators have called this state " animal hypnosis ", whereas others have used the term " animal catalepsy ". GILMAN, MACUSE and MooRE7) investigated hypnosis in the chicken, but there are few EEG studies of hypnosis in the birds except for the study of SILVA, ESTABLE and SEGUNDO") on teros or teroterus (Belonopterus chilensis lampronotus;
Wagl.) and that of KARMANOVA10) on hens. In the wakeful tero, the EEG taken from the dorsal convexity of the hemisphere, corpus striatum, tectum opticum, cerebellum and mesencephalic brain stem showed a low-voltage activity with a slight predominance of 4 to 12 and 16 to 18 cps in frequency. Birds during hypnosis exhibited slower waves of large amplitude in the 15 to 3.5 and/or 8 to 12 cps ranges in all areas explored.
In our experiments on the developing chick, the large amplitude, slow waves were seen also in the surface-EEG during the cataleptic state. It was shown that application of pressure stimuli to both sides of the body surface in human sub jects causes general depression in various autonomic functions33, 34, 35) . This phenomenon is, designated" Skin-Pressure-Reflex" by TAKAGI"). It was also observed that some animals such as frogs, fowls and rabbits fall into the so-called hypnotic state behaviorally by pressure stimuli applied to the skin (TAKAGI)36). KUMA-ZAWA") showed that pressure stimuli to the skin usually produce a" deactivating" effect both on the EEG and on the behavioral state in rabbits. Further more, it is shown that low-rate stimulation of cutaneous fibers induced synchronization of the EEG over the dorsal aspect of the neocortex in normal free behaving cats, and that the induced EEG synchronization is sometimes also, accompanied by behavioral sleep symptoms").
Some types of afferent impulses appear to lower the brain activity in the chicken during the cataleptic state.
In newly hatched chicks, seizures presenting 14-per-second and 6-per-second positive spikes were reported by HEHMAN, VONDERAHE and PETERS') after in jection of large doses of serotonin. They stated that this seizure was similar to the 14-per-second and 6-per-second positive potentials advanced by GIBBS, and GIBBS6) as electroencephalographic evidence of autonomic epilepsy . KATORI11) reported that the electrical activity is labile in the 13-day or 16-day chick embryo, changing sometimes into a seizure-like discharge by mechanical stimulus to the lobe or chemical stimuli such as Phenobarbital and Chlorpromazine.
The seizure-like discharges obtained in the present experiment have some similarity to that of the epileptic EEG pattern in man . PENFIELD and JASPER19) described that light pentothal anesthesia or sleep provoked the appearance of epileptiform spikes in the EEG in some cases , especially in those patients with epileptogenetic lesions of the temporal lobe. In the present investigation of the chick EEG , the seizure-like discharges were readily induced by the administration of large doses of Nembutal in 1-day-old chicks . Although it would be impossible to propose similarity of the epileptiform EEG on the basis of our present results, there is a possibility that this point warrants further investigation of the chicken's electroencephalograms . It is very interesting that PETERS et al. 24 ) recently reported the slow spike and wave pattern in the chick under the influence of hyperthermia and suggested that this pattern is resembled to the " petit mal varient" in man . As pointed out by PETERS et al., these seizure-like discharges might be due to abnormal brain activities associated with brain damage from the insertion of electrodes . In the chicken, however, the seizure-like discharges were not accompanied by conspicuous symptoms such as convulsive movements. SUMMARY 1. Electroencephalographic studies were carried out on the developing 1 -dayold to 4-month-old chick under unrestrained conditions . Electrodes were chronically implanted in the rostral and the caudal parts of the frontal bone . 2. Fast waves of 17 to 25 cps and 30 to 60 cps with a low voltage of 251tV appeared during the opening of the eyes in the 1-day-old chick . Very slow waves of 1.5 to 5 cps with high amplitude were predominant during the drowsy or the sleeping state until 1-week of age . Until 1-month of age, high amplitude and slow waves of 6 to 12 cps appeared during drowsy or sleeping state . Twomonth-old birds showed adult characteristic in both behavior and the EEG patterns. Furthermore, during paradoxical sleep, high amplitude and slow waves were often interrupted with low voltage and fast waves similar to those of the wakened state.
This episode was observed in 1-day-old chicks , and lasted for 2 to 11 seconds, mainly in the 3 to 4 second range . In addition, arousal EEG patterns associated with opening eyes were observed in the contralateral hemisphere of the forebrain in developing chicks from 1 -day to 2-months of age. 3. The arousal response to auditory stimuli in the somnolent state existed in the 1-day-old chick, when the bird was awakened by sound . During the so-called" paradoxical " sleep, the low voltage and fast waves were shif ted to high amplitude and slow waves on the EEG by application of a mild or weak brief auditory stimulus, though no significant changes in sleeping behavior occurred. 4 . In developing chicks, the hypnotic or cataleptic state was readily induced by abnormal enforced positions or the act of being hand-held.
The younger the birds, the more readily they succumbed into the hypnotic state represented by high amplitude and slow waves which is characteristic of the drowsy or sleeping state. 5. Various types of seizure-like discharges were sometimes found under the drowsy or sleeping state in the developing chick, particularly in the newly hatched state.
The persistence of those discharges varied, ranging from a little less than a minute to several minutes.
These occurred locally or unilaterally in the rostral and the caudal parts of forebrain explored.
The seizurelike discharges were induced also by intraperitoneal injection of large doses of Nembutal in newly hatched birds.
ADDENDUM
Since submitting this manuscript, Dr. J. PETERS et al. have published the article entitled"
Onset of cerebral electrical activity associated with behavioral sleep and attention in the developing chick "25). They found that during sleeping postures the EEG shows brief cyclic episodes of lower voltage fast waves (paradoxical sleep). Furthermore, when the act of waking from sleep is associated with the opening of only one eye, the lower voltage fast waves may appear only in the contralateral lobe, while the ipsilateral lobe shows the high amplitude slow waves. These results agreed with our finding of this title.
